Searching PAJ 



PATENT ABSTRACTS OF JAPAN 



1/2 <<—is 



(1 1 publication number : 06-151782 
(43)Date of publication of application : 31.05.1994 



(51)Int.CI. 




H01L 27/115 
H01L 29/788 
H01L 29/792 




(21 Application number 


04-295759 


(71)Applicant 


TOSHIBA CORP 








TOSHIBA MICRO ELECTRON KK 


(22)Date of filing : 


05.11.1992 


(72)Inventor : 


NARUGE KIYOMI 








SUZUKI TOMOKO 



(54) NON-VOLATILE SEMICONDUCTOR MEMORY 

(57)Abstract: 

PURPOSE: To provide s non-volatile semiconductor 
memory with an SISOS type cell capable of diminishing the 
chip size while obviating the defective opening of a sidewall 
gate and the dispersion in the resistance values. 
CONSTITUTION: A stacked gate part composed of a 
floating gate 3 and a control gate 5 is linearly formed so 
that selective gates 8 may be linearly formed on the 
sidewall of the stacked gate part. Besides, a semiconductor 
region 15 is formed between mutual drain regions 1 1 to 
form a source contact hole on this region 15 so that this 
hole may be arranged on substantialy the same line as that 
of a drain contact hole. In such a constitution, the 
selective gates 8 can be made linear thereby enabling the 
defective opening and the dispersion in the resistance 
values to be obviated. Furthermore, within the source - 
region 9, the allowance part for the formation of the . 
contact hole can be eliminated thereby enabling the chip 
size to be diminished. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this 
translation. 

1. This document has been translated by 
computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be 
translated. 

3. In the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The semi conductor substrate 
of the 1st conductivity type, and the 1st 
insulator layer formed on this 
semi conductor substrate front face, The 
floating gate prepared on this 1st 
insulator layer, and the 2nd insulator 
layer prepared on this floating gate, The 
control gate where it is prepared on this 
2nd insulator layer, and the gate edge by 
the side of the source and a drain serves 
as said floating gate and self align, 
respectively, The selector gate from which 
it is prepared through the 4th insulator 
layer formed on said semiconductor 
substrate front face through the 3rd 
insulator layer formed in the side 
attachment wall by the side of the source 
of said floating gate and the control gate, 
and the gate edge serves as a floating 
gate and self align, The source field 
where it is formed in said semi conductor 



substrate, and the field edge serves as 
said selector-gate edge and self align, The 
memory cell which consists of drain fields 
in which it is formed in said 
semi-conductor substrate, and the field 
edge serves as said floating-gate edge and 
self align two or more Said source field 
which was respectively communalized in 
the direction of a low, and the direction of 
a column, and was formed in them by the 
memory cell which possessed the memory 
cell array arranged in the shape of a 
matrix, and has been arranged in said 
direction of a low, Said control gate which 
was respectively communalized by the 
memory cell arranged in said direction of 
a low, and was formed in the shape of a 
straight line, Said selector gate which 
was respectively communalized by the 
memory cell arranged in said direction of 
a low, and was formed in the shape of a 
straight line, The drain wiring group 
which was • communalized respectively 
and formed by the memory cell which was 
electrically connected to said drain field 
through the 1st contact holes, and has 
been arranged in said direction of a 
column, The semiconductor region of the 
2nd conductivity type formed in the field 
across which said 1st contact holes faced, 
The source wiring electrically connected 
to said semiconductor region through the 
2nd contact hole, The nonvolatile 
semiconductor memory characterized by 
providing the field-effect transistor which 
consists of said control gate which 
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connects said source field and said 
semiconductor region electrically, said 
floating gate, and said selector gate. 
[Claim 2] Said field effect transistor is a 
nonvolatile semiconductor memory 
according to claim 1 characterized by 
considering as the depletion type. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention 
relates to the eel of EEPROM in which 
writing and elimination are possible 
electrically especially with respect to a 
non-volatile semiconductor memory. 
[0002] 

[Description ql the Prior. Art] Drawing 2 
(a) is the sectional - view of the 
conventional SISOS (Side wall Select 
gate On Source side) mold EEPROM cel. 
[0003] As shown in drawing 2 (a), on the 
front face of the P type silicon substrate 
101, the 1st oxide film (gate oxide) 102 is 
formed. The floating gate 103 is formed 
on this 1st oxide film 102. The 2nd oxide 
film 104 is formed on this floating gate 
103. On this 2nd oxide film 104, the 
control gate 105 where the gate edge by 
the side of the source and a drain serves 
as a floating gate 103 and self align, 
respectively is formed. The 3rd oxide film 



106 is formed in the side attachment wall 
by the side of the source of a floating gate 
103 and the control gate 105, and the 4th 
oxide film 107 is formed on the front face 
of a substrate 101. On these 3rd oxide 
films 106 and the 4th oxide film 107, the 
selector gate 108 from which the gate 
edge serves as a floating gate 103 and self 
align is formed. In the substrate 101, the 
source field 109 where the field edge 
serves as selector-gate 108 edge and self 
align, and the drain field 110 where the 
field edge serves as floating-gate 103 edge 
and self align are formed. Next, actuation 
of the above-mentioned SISOS eel is 
explained. 

[0004] A hot electron is poured in from a 
source side to a floating gate by 
impressing the electrical potential 
difference of threshold extent, 1.5V [ for 
example, ], to a selector gate 108, 
impressing a program electrical potential 
difference; 12V "[ -for fbxamplep]/^t6" ; lhe 
control gate 105, and. impressing supply 
voltage, 5V [ for example, ], to a drain 110 
at the time of writing. 
[0005] At the time of elimination, it 
grounds, and a selector gate 108 and the 
control gate 105 make the source 109 an 
opening condition, they are impressing 
blanking voltage, 12V [ for example, ], to 
a drain 110, and draw out an electron 
from a floating gate 103 with a F N 
tunnel to the drain diffusion layer 110. 
[0006] It carries out by impressing 5V to 
a selector gate 108 and the control gate 
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105, reading to a drain 110, impressing 
an electrical potential difference, IV [ for 
example, ], and investigating the 
existence of channel current at the time 
of readout. Drawing 2 (b) is the 
conventional pattern top view. The a a 
line in this drawing 2 (b) shows the 
cross-section section of drawing 2 (a). 
[0007] As shown in drawing 2 (b), on the 
substrate, two or more SISOS eels are 
arranged in the shape of a matrix. The 
source field 109 is stood in a row and 
formed in the directionof a line (low), and 
is communalized by the memory cell 
which adjoins a line writing direction. 
The control gate is prepared together 
with the same direction as the source 
field 109, and 105 is communalized by the 
memory cell of the same line. A selector 
gate 108 is formed together with the 
same direction as the control gate 105, 
and is communalized by the memory cell 
•of jthe>£ame r ^ide.'' ! F]ie drain field -HO ?is r * 
for me cl together with the direction of a 
train (column), i.e., the direction at which 
the source field 109 is crossed, and is 
electrically connected to the drain wiring 
(bit line) 112 through the drain contact 
hole 111. The drain wiring 112 is 
communalized by the memory cell of the 
same train. The reference mark 113 
shows the source contact hole, and source 
wiring 114 is electrically connected to the 
source field 109 through the source 
contact hole 113. 

[0008] Selection of writing, elimination, 



and read out of the SISOS eel arranged in 
the shape of a matrix is performed by 
choosing 1 of the control gate 105, 1 of a 
selector gate 108, and 1 of the drain 
wiring 112, respectively. Next, the 
manufacture approach of a SISOS eel is 
explained with reference to drawing 3^ (a) 
- (e). Drawing 3 (a) - (e) is the sectional 
view having shown the SISOS eel for 
every main production processes, 
respectively. 

[0009] first, it is shown in drawing 3 (a) - 
as *• the P type silicon substrate 101 
(resistance- 10 ohm-cm) top of crystal 
orientation (100) - the usual LOCOS 
field oxide (not shown) is formed by law 
and let the part surrounded by this field 
oxide be a component field. Then, the 
sacrifice oxide film 120 is formed in the 
front face of this silicon substrate 101 by 
the thickness of about 100 A by the 
oxidizing [ thermally ] method. Then, it 
»> lets this isaciifieeioxide^iBlm'l^O pass; ■ and 
-the channel ion 121- for threshold control 
is poured in. 

[0010] Next, as shown in drawing 3 (b), 
etching removal of the sacrifice oxide film 
120 is carried out using NH4 F liquid, 
and the 1st gate oxide 102 is formed by 
the thickness of about 100A by the 
oxidizing [ thermally ] method, then, this 
1st gate oxide 102 top - LPCVD - the 1st 
polish recon layer 103 is deposited by the 
thickness of about 1000A as boil law. And 
into this 1st polish recon layer 103, it is 
POC13. Lynn is diffused by the 
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gaseousphase diffusion method. 
Furthermore, predetermined regist 
patterning and etching are performed 
and the eel slit (not shown) for dividing a 
floating gate into the 1st polish recon 
layer 103 for every eel is formed. And the 
polish recon oxide film 104 between 
layers is formed by the thickness of about 
300A by the oxidizing [ thermally ] 
method, then, this polish recon oxide* film 
104 top between layers - LPCVD - the 
2nd polish recon layer 105 is deposited by 
the thickness of about 4000A by law. And 
into this 2nd polish recon layer 105, it is 
POC13. Lynn is diffused by the 
gaseous phase diffusion method. 
[0011] Next, as shown in drawing 3 (c), to 
each class of the 1st polish recon layer 
103, the polish recon oxide film 104 
between layers, and the 2nd polish recon 
layer t 105, regist patterning and 
anisotropic etching are performed and it 
- leave s ;r only ? -aV i pa£t > ?r^qiured\- : as--. ! a- cel. w " 
Furthermore,? -after -performing regist 
patterning, the ion implantation of 
40KeV(s), 7xl015cm-2, and the 
phosphorus ion is carried out for arsenic 
ion to silicon substrate 101 front face on 
condition that 40KeV(s) and lxl014cm-2, 
and the 1st impurity range 110 is formed. 
Then, the 2nd gate oxide 107 with a 
thickness of 300A and the 
side-attachment-wall polish recon oxide 
film 410 with a thickness of 600A are 
formed in coincidence by the oxidizing 
[ thermally ] method. Furthermore, by 



the LPCVD method, the 3rd polish recon 
layer 108 is deposited and thermal 
diffusion of Lynn is carried out to this. 
[0012] Next, as shown in drawing 3 (d), 
etching removal of the 3rd polish recon 
layer 108 is carried out by whole surface 
anisotropic etching, and it leaves only the 
part of the 3rd polish recon layers 108a 
and 108b which hit the side attachment 
wall of the laminating parts of the 1st 
polish recon layer 103 and the 2nd polish 
recon layer 105. 

[0013] Next, as shown in drawing 3 (e), 
regist patterning and polish recon 
etching remove 3rd polish recon layer 
108b. Then, after performing regist 
patterning, the ion implantation of the 
arsenic ion is carried out to silicon 
substrate 101 front face on condition that 
40KeV(s) and 5xl015cm-2, and the 2nd 
impurity range 109 is formed. In addition, 
by heat treatment in the above process, 
'the impurity^ 

110 carrie s outthermal diffusion*' and the 
1st impurity range 110 is extended in the 
direction of the gate. 

[0014] then - especially, although not 
illustrated, pass many processes, such as 
deposition of deposition and patterning of 
deposition of an interlayer insulation film, 
puncturing of a contact hole, and an 
aluminum wiring layer, and a protective 
layer, to be known well - the non- volatile 
semiconductor memory possessing the 
EEPROM eel of a SISOS mold is 
completed. 
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[0015] 

[Problem(s) to be Solved by the 
Invention] However, the SUTAKKUTO 
gate section which consists of a floating 
gate 103 and the control gate 105 as it is 
the non volatile semiconductor memory 
of the above-mentioned configuration 
curves in the part of the source contact 
hole 113. For this reason, the 
side-attachment-wall gate (selector gate 
108) formed in self align to the 
SUTAKKUTO gate section comes to 
curve according to the above-mentioned 
curve section, and problems, such as poor 
opening of the side-attachment-wall gate 
and variation of resistance, occur. For 
this reason, there was a trouble of 
reducing the dependability of storage, 
and barring high integration of storage 
since that superficial area of the source 
contact hole 113 is large. 
[0016] It is in offering the non volatile 
r semiconductor ^ ^memory- possessing the 
. SISOS mold eel whiclusueceeded in this 
invention in view of the above points, and 
that purpose can reduce a chip size, and 
does not have reduction of poor opening of 
the side -attachment- wall gate, and the 
variation of resistance. 
[0017] 

[Means for Solving the Problem] The 
nonvolatile semiconductor memory 
concerning this invention has the 
memory cell array by which two or more 
SISOS mold eels are arranged in the 
shape of a matrix in the direction of a low, 



and the direction of a column. And the 
source field which was communalized 
respectively and formed in this memory 
cell array by the memory cell arranged in 
the direction of a low, The control gate 
which was respectively communalized by 
the memory cell arranged in the direction 
of a low, and was formed in the shape of a 
straight line, The selector gate which was 
respectively communalized by the 
memory cell arranged in the direction of a 
low, and was formed in the shape of a 
straight line, The drain wiring group 
which was communalized respectively 
and formed by the memory cell which was 
electrically connected to the drain field of 
a eel through the 1st contact holes, and 
has been arranged in the direction of a 
column, The semiconductor region of the 
2nd conductivity type formed in the field 
across which the 1st contact holes faced, 
It is characterized by providing the 
field - effeckite^ sists^ of 

said control- ■* gate - • which ^connects 
electrically the source wiring electrically 
connected to the semiconductor region 
through the 2nd contact hole, and a 
source field and said semiconductor 
region, said floating gate, and said 
selector gate. 
[0018] 

[Function] According to the non -volatile 
semiconductor memory of the 
above-mentioned configuration, the 2nd 
contact hole as source contact can be put 
in order and formed on the same straight 
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line as the 1st contact holes as drain 
contact. For this reason, conventionally, 
the curve section of the SUTAKKUTO 
gate section in the part of source contact 
can be canceled, and especially a selector 
gate can be formed with the shape of a 
straight line. Therefore, poor opening of a 
selector gate and the problem of the 
variation in resistance can be controlled, 
and the dependability of storage comes to 
improve, moreover, if the 2nd contact hole 
as source contact is put in order, come out 
of and formed on the same straight line 
as the 1st contact holes as drain contact, 
in a source field, the need of preparing 
the allowances part for contact hole 
formation- will be lost. For this reason, 
the improvement in a degree of 
integration of a eel and contraction of a 
chip size are possible. 
[0019] 

[Example] Hereafter, - example explains 
:this-"^m 

explanation -which overlaps, by giving the 
same reference mark to the same part 
over a complete diagram is given to avoid. 
[0020] Drawing 1 is drawing showing the 
nonvolatile semiconductor memory 
possessing the SISOS mold EEPROM eel 
concerning - example of this invention, 
and the sectional view where (a) meets a 
pattern top view and (b) meets the b b 
line in the (a) Fig., and (c) are sectional 
views which meet the c c line in the (a) 
Fig. 

[0021] As first shown in drawing 1 (b), on 



the front face of the P type silicon 
substrate 1, the 1st oxide film (gate oxide) 
2 is formed. The floating gate 3 is formed 
on this 1st oxide film 2. The 2nd oxide 
film 4 is formed on this floating gate 3. 
On this 2nd oxide film 4, the control gate 
5 where the gate edge by the side of the 
source and a drain serves as a floating 
gate 3 and self align, respectively is 
formed. The 3rd oxide film 6 is formed in 
the side attachment wall by the side of 
the source of a floating gate 3 and the 
control gate 5, and the 4th oxide film 7 is 
formed on the front face of a substrate 1. 
On these 3rd oxide films 6 and the 4th 
oxide film 7, the selector gate 8 from 
which the gate edge serves as a floating 
gate 3 and self align is formed. In the 
substrate 1, the source field 9 where the 
field edge serves as selector-gate 8 edge 
and self align, and the drain field 10 
where the field edge serves as 
v -floating- gate - 3 - edge Hand^-se I f >a 1 ign -are : 
formed. r -r- : ^ . 

[0022] As shown in drawing 1 (a), two or 
more memory cells shown on a substrate 
at drawing 1 (b) are arranged in the 
shape of a matrix. The source field 9 is 
stood in a row and formed in the direction 
of a line (low), and is communalized by 
the memory cell which adjoins a line 
writing direction. The control gate is 
prepared together with the same 
direction as the source field 9, and 5 is 
communalized by the memory cell of the 
same line. A selector gate 8 is formed 
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together with the same direction as the 
control gate 5, and is communalized by 
the memory cell of the same line. The 
drain field 10 is formed together with the 
direction of a train (column), i.e., the 
direction at which the source field 9 is 
crossed, and is electrically connected to 
the drain wiring (bit line) 12 through the 
drain contact hole 11. The drain wiring 
12 is communalized by the memory cell of 
the same train. And the N type impurity 
diffused layer 15 is formed in the field 
across which it faced with the drain 
contact hole 11. The flat- surface pattern 
of a diffusion layer 15 is the same 
configuration mostly with it of the drain 
field 10. The diffusion layer 15 is 
connected to source wiring 14 through 
the source contact hole 16. This source 
wiring 14 is formed together with the 
same direction as the drain wiring 12. 
The diffusion layer 15 is electrically 
--connected^wi^ 9 through 

the> transistor (a - ceL type, transistor is 
called below) which has the cross- section 
structure shown in drawing 1 (c). 
[0023] As shown in drawing 1 (c), the eel 
type transistor has a memory cell shown 
in drawing 1 (b), and similar structure. 
However, since float going up of a source 
level may arise when a eel type transistor 
serves as an enhancement type, even if it 
is in the condition that the electron was 
poured into the floating gate 3, as it 
became a depletion type, the relief of a 
source level is prevented. 



[0024] As a eel type transistor is shown in 
drawing 1 (c) as an example used as a 
depletion type, an N type impurity is 
poured into the channel field of a eel type 
transistor, the N type impurity 
impregnation layer 17 is formed, an N 
type impurity is injected into the front 
face of the substrate 1 which exists in the 
both sides of the SUTAKKUTO gate 
section further, the N type impurity 
impregnation layers 15 and 18 are 
formed, and it pushes in into a channel by 
subsequent heat treatment. Moreover, 
the formation process of the N type 
impurity impregnation layers 15 and 18 
which can perform the formation process 
of the N type impurity impregnation 
layer 17 to a channel field to the impurity 
impregnation process and coincidence to 
a depression mold transistor of the 
circumference circuit section, and exist in 
the both sides of the SUTAKKUTO gate 
: sec tion'can *be^perf ormed>to ^hevimpurity 
. impregnation-process and coincidence- to 
a drain field of a cel. For this reason, 
there is no increment in the production 
process by making a eel type transistor. 
[0025] The source contact hole 16 is 
formed together with the same 
straight-line top as the drain contact hole 
11 as it is the non volatile semiconductor 
memory of the above-mentioned 
configuration, and the SUTAKKUTO 
gate section which changes at a floating 
gate 3 and the control gate 5 is formed in 
the shape of a straight line. Since the 
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configuration of a selector gate 8 is 
formed in the side attachment wall of the 
straight-line-like SUTAKKUTO gate 
section by self align, it becomes straight 
line-like. Since it is hard to generate poor 
opening and change of the cross- sectional 
area etc. is canceled, the variation in 
resistance of the straight- line like 
selector gate 8 is also lost. Therefore, the 
dependability of storage can be raised. 
The source contact hole 16 is formed in 
the control gate 8 and the field between 
eight together with the same 
straight-line top as the drain contact hole 
11, and the allowances part for contact 
hole formation is lost in the source field 9. 
Thus, in the above-mentioned example, a 
memory cell can be efficiently arranged to 
a eel array field, therefore improvement 
in a degree of integration of a eel and 
contraction of a chip size can be realized. 
[0026] 

^[Effect-: -of vthe \ Inventionl^^As^explained- 1 
above, according to thisinvention,. it is in. 
offering the non volatile semiconductor 
memory possessing the SISOS mold eel 
which can reduce a chip size and does not 
have reduction of poor opening of the 
side attachment* wall gate, and the 
variation of resistance. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll (c) is the sectional view 
where drawing 1 is drawing showing the 
nonvolatile semiconductor memory 
concerning - example of this invention, (a) 
meets a pattern top view and (b) meets 
the bb line in the (a) Fig., and a sectional 
view which meets the c c line in the (a) 
Fig. 

[Drawing 2l Drawing 2 is drawing 
showing the conventional non volatile 
semiconductor memory, (a) is a sectional 
view and (b) is a pattern top view. 
[Drawing 3l Drawing 3 is drawing 
showing the manufacture approach of the 
eel of a SISOS mold, and (a) - (e) is a 
sectional view for every respectively main 
processes. 

[Description of Notations] 
1: t^A P- type: silicon substrate-, -£^:The: rlsfc ; 
oxide film (gate oxide), 3 - Floating-gate- - 
4 [ The 4th oxide film, ] - The 2nd oxide 
film, 5 - The control gate, 6 - The 3rd 
oxide film, 7 8 ** A selector gate 
(side attachment- wall gate), 9 - A source 
field, 10 - Drain field, 11 [ An N type 
impurity impregnation layer, 16 / - A 
source contact hole, 17 / - An N type 
impurity impregnation layer, 18 / - N 
type impurity impregnation layer ] - A 
drain contact hole, 12 ** Drain wiring (bit 
line), 14 - Source wiring, 15 



[Translation done.] 
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